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ABSTRACT g ! Y

This multidisciplinary and interdisciplinary project involved investigations
of: (1) Gceophysical propertics of the shallow crust undcrlying the Appalachians of
southern New England by means of dispersion of Rg waves and electromagnetic
mcthods; (2) dceper geological structurc by  intcrpretation of multichanncl scismic
reflecction lines in the onshore and offshore portions of Ncw England, and (3) by
analysis of the geology of the region in the light of data from our own site specific
and regional studies as well as from published sources. The results _of our studics arc
detailed below, but major contributions includc : the - following: (1) southern New
England has bcen subdivided into Rg wave dispersion regions and, to the extent
possible, corrclations with tecctonostratigraphic divisions of the region were
cstablished. In thosc cases that lack corrclations on thc scale of our obscrvations,
cxplanations have been offercd. These studies were carricd out using Boston College's
New England Scismic Network. (2) clcctromagnctic studies, using Boston College's
magnctic obscrvatory installations and VLF mecter, “and analysis of existing
acromagnetic maps, suggest that major fault zongs in eastern MA constitutc part of a
scrics of stacked thrust faulted duplexes. -(3) Analysis of multichannel seismic
reflection lines collected by the, U. S. Geological Survey in the Gulf of Maine and on
the Long Island Platform gave risc to rcvisions of previous intcrpretations of the
large scale gcology of the region. —Such “revisions include our interpretation that the
Fundy Fault of thc Bay of Mainc should be corrclatcd with the Bluc Hills fault south of
Boston that is traccd and/or cxtrapolated through Rhode Island as an casterly dipping
thrust fault, thc ncwly mapped Smithficld fault zonec of Alleghanian or carly
Pcrmian age; -(4) large scale overthrusting and underthrusting has—been,produced
throughout the region as a result of continent-island arc, island arc-island arc, and
contincnt-continent collisions; and the resulting structures have been modified by
thosc produced by rifting tcctonics. .

1. INTRODUCTION

This project was a multidisciplinary study in which wec investigated the
geological and gecophysical propertics of the Appalachian mountains in southern
New England. Wc analyzed lateral and vertical variations in the gcology, and we
investigated thc cxtent to which thosc variations arc rclated to lateral and vertical
changes in btoth the seismic vclocity structurc of the shallow crust and the
clectromagnctic propertics of the crust. The Appalachians of southern New England
have undcrgonc a complex geological cvolution (c.g. Skchan, 1988; Skchan and Rast,
1983; Robinson and Hall, 1980). Bascd on rccent gcophysical studics, including this
project and rclated rescarch activitics, latcral and vertical variation in carth
structurc bencath the New England Appalachians have been revealed.  Our studies
focuscd on understanding the rclationship between surface gcology, shallow crustal
structure, and dceper carth structurc. The research questions addressed in this study
were designed to further our understanding of the cxtent to which a dectailed
knowledge of the surface gcology of a region can be used to predict the presence of
shallow to decp carth structurcs normally dctected by gcophysical methods.

This study was unique in scveral respects and it offcrs somec original
approaches to understanding the characteristics of the upper few kilometeres of the
crust through an cntirc orogcnic belt consisting of several accreted tcrrancs. Wc¢
utilized a combination of gcological mapping, scismic studics of shallow crustal
structurc  (using dispersion of short-pcriod Rayleigh waves), interprctation of
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seismic reflection profiles, geomagnetic field studies, and interpretation of
acromagnetic data. Each of thesc mcthods has been known for some time and they
have all been applied in various parts of the world. Prior to this investigation,
however, these methods have rarely been combined into one interdisciplinary study.
Shallow crustal studies using short period Rayleigh waves (Rg) and geomagnetic
studies have bcen underutilized, or even neglected, in geological circles because they
previously had been thought to have little relevance to the understanding of near-
surface geological features.

This study was motivated by our prior seismological research on the dispersive
properties of Rg waves (e.g. Kafka and Dollin, 1984). The results of that research
suggested that lateral and vertical variations in the upper crust could be recognized
by an analysis of seismograms of Rg waves gencrated by earthquakes and quarry
blasts recorded by Boston College's 29 station seismic network (The New England
Seismic Network, NESN). Weston Observatory also operated since 1958 the only
geomagnetic observatory in the northeastern United States. Our studies of
geomagnetic data have been used to define lateral and radial variations of electrical
conductivity from necar-surface to depths of several hundred km beneath adjacent
geomagnetic stations in New Engalnd.

The northern Appalachian mountain system of southern New England is now
known to consist of a number of "exotic" blocks or terranes that developed in
different geological environments and, as the result of large-scale movements, have
been sutured to one another. We considered it important to study shallow crustal as
well as deep crustal features because these exotic blocks, believed to be sections of
lithospheric plates (up to 150 km thick), interpreted to have been piled up to
substantial thicknesses during ancient plate collisions that involved overthrusting
and underthrusting of sheet-like masses of rock. Thus, blocks and sheets of rock
formerly widely separatcd at the time of their formation have been juxtaposed. As
part of this study we developed a methodology for lateral and vertical discrimination
between such masses and shecets of rock to the extent that the characteristic rock
propertiecs permit such discrimination.

The results of this study are potentially applicable to mountain systems
worldwide because the Appalachians of southern New England are interpreted to
have becen produced by multiple plate tectonic collisions involving continent-island
arc, island arc-island arc, and contincnt-continent collisions. All of the geological
features characteristic of subduction-related, transpressional, or extensional tectonic
regimes are represented here as is also the case in many of the great mountain
systems of Earth. We interpreted low angle overthrusting and underthrusting
structures to be characteristic of large portions of the study region. Another major
feature that suggests that the methodology of this study may be widely applicable to
other mountain systems is that the tectonostratigraphic units comprising these
mountains have been traced for vast distances along their trend. For example, the
western margin of the Appalachians of North America (c.g. the Highlands of Western
Connccticut) are interpreted (Skchan, 1988) to have continuations through the
northern Appalachians’ of castern North America, the northern British Isles, East
Greenland, Svalbard and western Scandinavia. The ecastern margin of the
Appalachians (e.g. southeastern New England) arc interpreted (Skchan, 1988) 1o
have been continuous through the southern British Isles, western Europe, the
Iberian Peninsula and West Africa. In addition to those mountain ranges noted
above, for which there are direct correlations, one may expect that some level of
correspondence in age and lithology of stratigraphic units, structures,
metamorphism, plutonic and volcanic sequences and ecvolutionary history, could be
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established for other mountain systems having comparable tectonostratigraphic
units and having undergonc a basically similar geological cvolution, such as the Ural
mountains of the USSR.

One of the chief results of this study is that geophysical mcthods chiefly
applicable to the shallow crust have ben used to address the question of what kinds of
geological featurcs can be rccognized, and to what degrec the recognition of these
fcatures can these contribute to an understanding of their evolution and that of the
mountain belt. The gecophysical methods utilized as rescarch tools in the field, and
data gathered by others and analyzed by us, are those that chiefly examine the upper
crust of Earth and thus should include mecthods of greatest potential benefit in the
solution of geological problems. Analysis of dispersive properties of Rg waves
gencrated by quarry blasts and recorded on Boston College’s New England Scismic
Network (NESN) revcaled lateral variations at depths ranging from very ncar surface
down to a few kilometers in the crust. When the Rg dispersion results were compared
with results of tectonostratigraphic studies from geology we were able to divide
southcrn New England into dispersion regions, that, in part, corrclated but, in part
also, showed no clearcut corrclations. However, the basis for correlations is  more
rcadily explained than lack of correspondence in most cases. Since this study of Rg
dispersion is carried out, for the most part, with widely spaced scismic stations it
seems probable that as it becomes possible to establish morec closcly spaced stations,
the resolving power of the mecthod will be increased.

Utilizing data from scveral multichannel scismic reflection lines collected by
the U. S. Geological Survey in the Gulf of Maine, the Long Island Platform, and related
parts of onshore Necw England we have been able to refine or revise geological
intcrpretations by other workers, including our collaborators working with the
primary data basc.

Elcctromagnetic studies of the crustal structure of a part of eastern
Massachusectts took place in threce stages. Thc methodology that can be used
successfully to define local conductivity structurc was dcveloped by this study.
However, to be applied successfully, this mecthodology requires an array of stations
recording simultancously. During the present study, however, observations were
made at our magnetic observatory at Sudbury, MA and when that station was
discontinued, the equipment was installed at Weston Observatory. A sccond stage of
the study provided for an analysis of acromagnctic maps along three profiles over
two major faults in castern MA. This analysis indicates that the stceply to moderately
west-dipping thrusts became ncarly horizontal with distance to the west, indicating
that thesc faults comprise a stacked scquence of ramp thrusts, an observation that
represents a significant advance in the geological understanding of these regionally
important fault zoncs. The third stage of the clectromagnetic study of the near
surface characteristics of the crust utilized a VLF meter using very low frequency
(VLF) radio frequenciecs from 3 to 30 kc/s, that, in turn, utilized a magnectic ficld
propagated by the U. S. Navy's transmitter in Cutler, ME. By means of four
mcasurcments, the clectromagnetic propertics of the near-surface rocks in a part of
castern MA were cxamined to a limit of 500 m. This method successfully delincated the
lateral extent of the Bloody Bluff zonc and in defining contacts between geological
units. One of the most important by-products was the development of computer
programs to model two dimensional conductivity structures.
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showing the distribution of Weston Obscrvatory's scismic stations, location of quarry

blasts, and the paths of Rg wavcs.

9 M e
- A—M'lvci’r- ~ Y et i
A

A o b
Y LLmaCE N BN RS £ S S e R S S P e




2. SIGNIFICANT ACCOMPLISHMENTS AND RESEARCH PROGRESS

2.1 Geology of the New England Appalachians

Although the Appalachian mountain system is onec of the most extensively
studied in the world, it is geologically one of the most complex and thus has yielded its
evolutionary secrets slowly. Williams (1978) delineated several tcetonostratigraphic
divisions and Skehan and Osberg (1979) deseribed five distinet terranes in the New
England Appalachians. Research contributions in the meantime permit us to divide
southern New England Appalachians (from west to east) into the following eight
major composite terranes (Fig. 1):

(1) North Ameriean eraton

(2) Connecticut Valley synclinorium

(3) Mesozoic basin

(4) Bronson Hill antielinorium

(5) Kearsarge-Central Maine synelinorium
(6) Merrimaek trough

(7) Putnam-Nashoba terrane

(8) Avalonian superterrane

Subdivisions of these terreanes and refinements in our understanding of them
have resulted from this study and are deseribed in the seetions that follow.

2.1.1 The Avalonian Superterrane: a Voleanic Arc and Back Are Basin

In the beginning of this project, Skehan and others (1985) proposed that
several of the late Proterozoic units of the Avalonian terrane of southeastern New
Engalnd formed as olistrstromal deposits (submarine slump deposits). For over a
decade, parts of the northern Appalachians have been interpreted to have a elose
relationship to the geology of western Europe and West Africa  (Sehenk, 1971;
Skehan, 1973; Rast and others, 1970). However, it is only more recently that specific
correlations have been made (O'Brien and others, 1983; Skehan and Rast, 1983; Rast
and Skechan, 1983; Skehan and Pique, in press 1988) such that the Avalonian terrancs
of eastern North America are now generally interpreted to have eonsisted of a
voleanic archipelago lying offshorc of West Afrieca during the Late Proterozoic and
early Paleozoic (Fig. 2). The olistostromes of eastern Massachusetts and Rhode Island
(Fig. 3) contain distinctive olistoliths of quartzite and carbonate that are interpreted
to have been derived from the West African eontinental shelf of Gondwanaland
(Skehan and others, 1985). In the resulting paper (Bailey and others, 1989), we have
assembled evidence in support of the conecpt that the Avalonian Superterrane
within the rcgion of the present study, at least, originally eonsisted, in part, of
carbonate and quartzite deposits similar to those of the West African continental

-at

R




(8861 ssoud ut ‘sioyio pue Aopieg) parsodop dsom Loy
Yotym Uo UOlLID UBDMIY 1SOA dYl pue s1soddp JOYs [BIUDUNIUOD UBILY 1SOA 1IP|O
Y1 01 uiseq die Xdeq pue dse dluedoA oyl o1 sdiysuone[ds padsdiniur s1oy1 Suimoys
puejdug MIN WOIISEOYINOS JO OUTIIDJ WEYPIJ-PUOWST UBIUO[BAY Yyl JO SIWOMNSOISI[O
3yl J0j SIUdWUOIIAU2 D1u01991 2[qissod JO uUONONIISUOIII [CUONIIIS-SSOId Vv 'z 2undig

.=J~\...t. <

Invenea wuey (7] v ..L....uh 2
ter0y My mee ey [T ey wen 578 swweiy (T

- e (T ) ds.ll_llk == weseq mang 50

LEIRIL RLL TV WI-IRE 1V
/ _—lwc.c_-:oo uzczh‘ E‘hn“

= - - e D B o — - ——
- —

-

1e11peqIn) sy
I!H L0000 uny) LA TR VT Samry B8

108 WA 20SGENS Sua0g St F tiltodep woy |Cwnmo.d Mradop wny
LD 2D /o Teoyy tisodap edeqt Pussesd puo edon [OEP O Eepew 190 wtod prus exlom
_BC’J.CQQrJOi Qbeo ’B—ngﬂ — E._OFCD“— OBD:O}I —%32
|

= witeg iy 10 niy LT —)
‘l._UOH AN wInevegINOg jO M|y %100 %y ox) 20) pepony




N
Oiistostrome ;
42’0 _
g
ol o
'g,' 5 * i
; /7 i, '
: \
.‘ % l: . .
:l % . \ H
S gk
=\
_ m'l.]’~ j Olistostrome

m Narregansast Bey Greup
B Wesetboro Fw.rgu.m

Feloic veic [ ]
%0 & Um-ou Lm.u.“...,, & "“"""“A“’.
L (5] Newpers Nech Fm

the Hope

Regional map of the Avalonian terrancs showing olistosttome deposits;

Figurc 3.
Valley Shcar Zonc marking the terranc boundary betwcen the HVSZ and the D-E terrancs
that form the castern margin of the P-N Tcrrane (Bailcy and

: ' Bioo..u,o...,,

and thc Bloody BIluff F.Z.
others, in press (1988).

A Rt g B RS S s e BEL b



shelf, but that, in part also, the deposits of southeastern New England represent that
collapsed continental shelf and that olistostromes formed in the resulting back arc
basin. These olistostromes are now rcpresented by the Westboro Quartzite north of
Boston, the Blackstone Group of Rhode Island, and the Fort Adams Formation of
Newport, Rhode Island. This study suggests strongly that the Avalonian
Superterrane (Skchan and Rast, in press 1988) represents a Late Proterozoic volcanic
arc and back arc basin and that the early Palcozoic Avalonian composite terrane
consisted of these earlier formed voleanic islands with fringing shelf deposits
ranging from fossiliferous sandstonc and shale to carbonate of Cambrian age
(Skehan and others, 1987).

2.1.2 Terrane Definition and Terranc Boundaries in the Avalon Superterrane

In order to characterize the Avalonian terrancs of southeastern New England,
Skehan and Rast, (in press, 1988) devcloped a systematic and thorough review of the
lithology, stratigraphy, structurc, metamorphism, plutonism, volcanism and geologic
evolution of the two Avalonian terrancs now rccognized as comprising what we have
named the Avalon Superterranc (Fig. 4). Skehan and Rast (in press, 1988) recognize
that, with the proliferation of rescarch on Avalonian terranes, the related
terminology in the literature has developed certain ambiguitics and imprecision.
Thus we introduced the terms "Avalonian Superterrane” and "compositc terrane” to
refer to a late Proterozoic microcontinent, and to a fragment of the Superterrane
that includes not only late Protcrozoic but also a Paleozoic cover respectively. We
now rccognize the validity of the claim by O'Hara and Gromet (1985) that the Hope
Valley shear zone (Fig. 4) scparates the Avalon Superterranc into two, the Hope
Valley Terrane and the Esmond-Dedham Terrane.  Accordingly, our paper (in press
1988) summarizes all of the rclevant data on thesec terrancs and proposes an
cvolutionary model for both the Superterrane and for the composite terrane. We
rccognize the distinet possibility, indeed the strong probability, that accumulating
cvidence favors further subdivision of the Edmond-Dedham Terrane into two and
possibly morc tcrrancs.

The above study has implications for interprctations of Rg dispersion studies
in the Avalon Superterrane specifically, but also in the Putnam-Nashoba terrane, in
the Kearsarge-Central Maine synclinorium and in the Bronson Hill anticlinorium. If
a given terranc is gcologically and/or gecophysically inhomogencous on a scale that
is much smaller than cither the wavelength of the Rg waves or the station spacing,
the Rg dispersion method will tend to average out any of the geological variations. On
the other hand, an increcased understanding of the degree of geological
inhomogeneity, coupled with more detatiled Rg experiments, including closer station
spacing, may allow us to identify subtle differences in the gcology that corrlcate
with variations in gecophysical propertics.

2.1.3 Comparative Study of southcastern New England Avalonian Terrane with the
Pan-African of Moroecco

A further cffort to understand the cvolution of the Avalon Superterrane and to
focus attention on unsolved problems has resulted in the preparation of a paper by
Skchan and Pique (in press, 1988) on the comparative cvolution of the Avalon
Superterrane of New England and its interpreted counterpart, the Pan-African
orogenic belt of West Africa (Fig.5). The latter author is an authority on the geology
of Moroceco and was visiting professor at Boston College this past yecar. The objective
of this paper is not only to comparc and describc those aspects of the geology that we
have recognized as being similar or identical, but especially to recogaize those
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aspects that are dissimilar. These differences may represent real discrepancies or
may reflect the fact that further investigation is necded to determine whether there
is evidence in southcrn New England, not yet discovecred, that may provide us with
increased understanding of the evolution of these widely separated terranes that
were united in late Proterozoic and possibly in carly Paleozoic time [ca 800 to 350
million years ago (Ma)]. This research, of which Skehan's part only was supported by
this study, has implications for geophysical studies for reasons that in part were
noted above , but also because, to date, a basement to the Avalon zone has not been
recognized, although its presence is suggested geochemically by Hermes and
Zartman (1985) as well as by our own rescarch cited above. Thus we expect that
future geological and geophysical rescarch may reveal a basement of ca 2000-3000
Ma Eburnecan and older Archean gneisscs, overlain by shallow water continental
shelf deposits (Fig. 2). It is from the latter that we interpret the olistostromal deposits
referred to above have been derived by submarine slumping in late Proterozoic time.

2.1.4 Alleghanian age overthrusting and Mecsozoic extension in Rhode Island

A geological investigation of rocks of the Harmony Complex of northern
Rhode Island, that are considercd candidates for somc of thesec older bascment rocks,
has been undertaken by Watson (in progress) and by Watson and Skehan (in press
1988) as part of the present study. Quinn (1971) referred to these rocks as " Older
gneissic rocks of northwestern Rhode Island”. Skehan named them the Harmony
Group (1983), but rcnamed them Harmony Complex (Skchan and Rast, in press 1988)
to bring thec nomenclature into accord with the North American Stratigraphic Code
(1983). Significant results of our studies of the Harmony Complex (Figs. 6a and 6b)
include: (1) thc rccognition that a substantial part of these rocks consist of highly
dcformed granitic plutons as well as a significant volcanic and volcaniclastic
component; (2) deformed rocks in many parts of the arca arc characterized not only
by a strong foliation but by a high decgrce of mylonitization; (3) two possibilities as to
the age of thc Harmony Complex scem rcasonable, the first being that the plutonic
rocks arc largely cquivalent to the Esmond Granite (ca 620 Ma) but much more
intenscly dcformed than the latter. A second possibility is that the plutonic rocks are
substantially older than thc Esmond Granite, in thc age range of bectween 660 to 800
Ma, the age of the Ifni or Mesti (681 Ma) granites, the age of mctamorphism (685 Ma),
and the intrusion of the Bou Azzer Ophiolite (788 Ma) of Morocco (Fig. 5). (4)
overthrusting to a significant cxtent has been demonstrated in northern Rhode
Island where outliers of granitc, most probably Scituate Granite of Middle Devonian
age, have been overthrust over sedimentary rocks of Pennsylvanian age in the
North Scituate and Woonsocket basins as well as over older rocks of the Harmony
Complex (Fig. 6a and 6b).

These results have implications for undecrstanding the velocity structure and
certain othcr gcophysical parameters in this region. Since scveral parts of the
Avalonian Supertcrranc arc now known to be characterized by this type of low -
angle overthrust structure (which may be characteristic of the geology of this
region, rather than being the exception), one may cxpect that sheets of similar,
ncarly flat-lying rock units may be stacked one upon another. Throughout
southern Narragansctt Bay a number of thrust faults have beecn mapped (Skehan and
Rast, in press 1988, and Fig. 7) which indicate that latc Proterozoic rock masses have
been overthrust upon Pennsylvanian rocks. This mcans that the thrusting took place
in the Alleghanian orogeny during laic Pecnnsylvanian to carlicst Permian time.
Thus large parts of the Avalonian composite terrane, cspecially thc Esmond -Dedham
Terrane that contains Pecnnsylvanian coal basins, may be much less homogencous
than thought prior to this study because of the presence of stacked thrust sheet
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duplexes.  These duplexes may contain, in addition to a variety of granitic and
volcanic rocks of Late Proterozoic and Devonian age, also sedimentary sequences of
Cambrian and Pennsylvanian age.  Geophysical methods for probing the crust to
depths beyond the range of the Rg dispersion studies may be required to identify
these deeper structures such as the duplexes interpreted from the geology and from
geomagnetic studies (see Section 2.3).

2.1.5 Overthrusts involving the North American craton in Vermont

It has been long known that the rocks of westem N - England and of eastern
New York experienced a westward directed tectonic transport during the early
Ordovician Taconic orogeny. However, the qualitative and quantitative extent of that
transport has only gradually become known. In the mapping of southemm Vermont ,
western Massachusetts, and western Connecticut, Doll and others (1961), Skehan
(1961, 1969), and Zen, (1968, 1987) and Rodgers (1986) recognized thrust faults that
implied substantial shortening of the crust and large amounts of westward transport
of rock masses. However, it was not until the validity of plate tectonic theory was
field tested extensively that the great magnitude of tectonic transport has become
semi-quantitatively  recognized. It is now generally accepted that the amount of
overthrusting must be measured in hundreds of kilometers rather than in lesser
distances (Stanley and Ratcliffe, 1985).

As part of this study, a portion of the Wilmington-Woodford area of
southernmost Vermont, originally studied by Skehan (1961), was remapped by
Hawkins (1986a) to identify major overthrusts and to evaluate in qualitative and
semi-quantitative terms the tectonic transport due to the Taconic and Acadian
orogenic episodes that affected that part of the North American craton and its
margin. This study identified three, or possibly four, major thrust blocks or slices,
the Stamford block, the Heartwellville slice, and the Hoosac Mountain slice. The
fourth, the Readsboro block, may be a separate slice, but our study suggests that it is
probably a part of the Stamford block (Figs. 8a and 8b) (Hawkins and Skehan, 1985;
Hawkins, 1986a, 1986b).

The Stamford block forms the southeastern margin of the Green Mountain
Massif, and the Readsboro block may represent a tectonically elevated continuation
of the Stamford, uplifted by folding, or it may be tectonically elevated by thrusting
along a fault as yet not recognized. The upper boundary of both the Stamford and
Readsboro blocks is interpreted to be the Heartwellville thrust, that also marks the
base of the overlying Heartwellville slice (Figs. 8a and 8b). Both the Stamford and
Readsboro blocks contain Proterozoic basement rocks overlain by a rift facies clastic
cover that may possibly range from Middle Proterozoic to Cambrian in age. The
Heartwellville slice is comprised dominantly of marble-bearing metashales, the latter
representing a more proximal or westerly derived rift clastic sedimentary facies.
The uppermost tectonic package within the study area is the Hoosac Mountain slice
that is separated from the slices below by the Hoosac Mountain thrust. The Hoosac
Mountain slice is comprised dominantly of metagraywackes, metashales, and
metavolcanics, representing a more distal or easterly rift clastic facies derived from
the North American craton.

Three folding events and two garnet grade metamorphic events, scparated by a
pervasive chlorite retrogression, were recognized within the Hoosac Mountain and
the Heartwellville slices. Two folding events and two biotite grade metamorphic
events were recognized within the Stamford thrust block. These tectonic features are
interpreted to have developed dominantly as a result of  Taconic compressional
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deformation processes of Ordovician age and subsequently were deformed by
additional but less intense compressive deformation of the Acadian orogeny (of
Devonian age). The latter tectonic cffects are considercd to be responsible for
structures associated with the formation of retrograde metamorphic minerals.

In Section 2.2 we discuss our results of Rg dispersion studies. Rg dispersion
studies have as yct not been carried out in southern Vermont or adjacent
northwestern Massachusetts.  However, this geological study will be used to make
tentative predictions as to the dispersion characteristics we might expect to
encounter in future dispersion studics there. We found that Rg group velocities were
relatively high in the area surrounding the Waterbury Dome of southwestern CT, the
Waterbury Dispersion Region of this study. Our interpretation is that the Waterbury
Dispersion Region (Fig. 13a) is of very high velocity because it contains a substantial
amount of Grenvillian crust as well as being associated with a strong gravity high,
the latter implying an abundance of relatively near-surface gabbroic to ultramafic
rocks. If so, at Icast the Stamford block, and possibly the Readsboro block, should
have relatively high Rg group velocities (i.e. similar to those of the Waterbury DR)
because, as least in the Green Mountain massif, both conditions seem to be met.

2.1.6 Tectonic Evolution of the crust of offshore and onshore New England

Hutchinson and others (1988) and Phiney (1986) provided an interpretation of
several important multichannel seismic reflection lines collected by the U. S.
Geological Survey as part of an asscssment of the Eastern U. S. continental margin for
oil and gas, in the Bay of Maine and on the Long Island Platform respectively.
Skehan, Hutchinson, Hussey and Rast (1987) collaborated on a project that Skehan
reported on at thc International Geological Correlation Projeet Symposium in 1987 in
Mauritania, that has implications for correlations between eastern North America
and West Africa. This project was concerned with a recinterpretation of certain parts
of the seismic lines (Fig. 9a and 9b) in the light of what is known about relationships
between the onshore and offshore geology of New England.

Our main conclusions, based on data summarized in Skehan and others (1987)
concerning the sequence in which exotic terranes of southern New England came
into collision with one another are as follows: (1) The collision of the composite
Merrimack Trough-Putnam-Nashoba Terrane-Hope Valley Terrane of Gondwanan or
African affinities with the Bronson-Kearsarge-Central Mainc terrancs produced the
resulting Taconic collision of the latter with the North American craton (Fig. 9b,
Block C2 with C3); (2) the collision of the Esmond-Dedham Avalonian Terrane with
the Hope Valley Terranc gave rise to continued underplating in the Devonian
Acadian orogeny; and (3) the Alleghanian collision of the Meguma Terrane with the
previously amalgamated terrancs affected chiefly southeastern coastal and offshore
New England (Skchan and others (1987).

Additional conclusions by these same authors (in preparation, 1988) include
the following:

(1) Hutchinson and others (1988) interpreted the Ponkapoag fault, that forms the
southern boundary of the Norfolk Basin (Fig. 9a) as the probable onshore
continuation of the Fundy fault that cuts across the Bay of Mainc. On the basis of
onshore geology, it is now our opinion that the Blue Hills fault, which occurs just
north of the Ponkapoag fault and of the Quincy Granite, and which probably is
continuous with the Smithficld fault zone (Fig. 6a and 6b) that forms the western
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margin of the Scituate Granite of northern Rhode Island (Watson and Skchan, in
press 1988).

(2) All of the tecctonostratigraphic zones from the Bronson Hill anticlinorium
eastward through the Putnam-Nashoba Terrane arc truncated in southernmost
Connecticut against the ecast-northcast trending Avalonian gneisses (Fig. 9a).
However, Phinney's (1986) interpretation of the U. S. Geological Survey seismic
profile (Fig. 9b) indicates that terranes that probably correspond to the Bronson Hill
through Putnam-Nashoba Terrane are represented on the Long Island Platform,
However, the intervening occurrence of older Avalonian rocks in southern CT
precludes the uninterrupted continuation of the Bronson Hill-Putnam -Nashoba
sequences into the Long Island Platform. Thus we can interpret this to mean only
that Long Island Sound must be underlain either by an east-northeasterly trending,
southwesterly plunging anticlinorium, or by a major east-northeasterly striking
fault zone that has dragged ‘*he Avalonian gneisses upward on the north side of the
fault.

(3) Phinney (1986) interpreted the westerly dipping wedge (Fig. 9b, Block A) as the
Avalonian Terrane underthrust beneath the Kearsarge- Central Maine synclinorium.
However, on the basis of projections of the terrancs of southern Connecticut
southward, and on other considcra.ions of the regional gcology, it appears that Block
A cannot be Avalonian tcrrane but must represent the Meguma Terrane and that the
Avalon Superterrane must be represented by Block Cl1 (Fig. 9b) which we have
rcintcrpretcd from Phinney's scismic profile as having underthrust the Kearsarge-
Central Maine synclinorium (Block C2 of Fig. 9b).

Such large scale corrclations bascd on a combination of onshore geological
and geophysical data combined with scismic profiles, such as those available in the
Bay of Maine and on the Long Island Platform, may assist in resolving some of the
important unanswered questions of gcological and gcophysical correlations.

2.2 Rg Wave Dispersion. Shallow Crustal Structure and Decceper Earth Structure

This aspect of our study was an investigation of the scismic velocity structure
of the shallow crust underlying the New England Appalachians. Lateral variation in
the shallow crust was analyzed using obscrved dispersion of Rg waves (e.g. Kafka and
Dollin, 1985; Kafka and Reciter, 1987). The mecthods used for this part of our study are
short-period analogues of surface wave techniques that have been developed for
studiecs of long-pcriod surface waves (e.g. Dzicwonski and Hales, 1972). Computer
programs for analyzing short-pcriod Rg waves have been dcveloped over the past
few ycars at Weston Obscrvatory with support from AFOSR and other agencics. The
scismograms analyzed in this rescarch are gcnerated by quarry blasts, refraction
blasts, and very shallow-focus earthquakes rccorded at stations of the NESN.,

Figurc 10 shows examples of Rg waves recorded from quarry blasts and
shallow-focus carthquakes in New England. Rg waves recorded by the NESN range in
period from about 0.2 to 2.5 sce, with the strongcst signals being in the 0.5 to 1.5 scc

period range. Thus, analysis of the dispersive propertics of Rg reveals lateral
variations at decpths ranging from very ncar the surface down to a few kilometers in
the crust. Rg dispersion studics complement other types of gecophysical studies in

New England that constrain physical propertics in deeper parts of the carth, such as:
rcflection and rcfraction surveys (c.g. Klemperer and Luctgert, 1987), analysis of
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teleseismic residuals (c.g. Taylor and Toksoz, 1979), and analysis of regional gravity
and magnetic anomalics (c.g. Coblentz and Reidy, 1988).

The method that has been uscd for most of the Rg wave research at Weston
Observatory involves mecasuring group velocity dispersion of Rg waves (e.g. Kafka
and Dollin, 1985; Saikia et al., 1986; Kafka and Rciter, 1987; Kafka, 1988). Group
velocity is measured using a narrow band-pass filter analysis (Dziewonski et al.,
1969). The observed group velocitics are inverted for shallow crustal structure using
both trial-and-error as well as lincarized least squares inversion (e.g. Backus and
Gilbert, 1970; Dcr and others, 1970). Bascd on that methodology, we have found
significant latcral wvariation in the shallow crustal structure wunderlying various
parts of New England. Our resulis suggest that in some parts of the region, lateral
variation in shallow crustal structure corrclates with variation in geology, but in
other parts, latcral variation in shallow crustal structure is not corrclated in any
obvious way with variation in gcology.

We have also been investigating the possibility of applying the two-station
method (Brune and others, 1960) to mcasure phase vclocities of Rg waves rccorded in
New England. The results indicate that both phase and group velocities of Rg waves
could be obtained for specific paths by installing portable seismic stations at
appropriate points along paths from quarrics that blast frcquently. By combining
group and phase velocities from such cxperiments, lateral variations in Rg velocities
could be declincated in greater dctail, and thus more dctailed information about lateral
variation of the shallow crust could be obtained.

2.2.1 Group Velocity Dispersion

During the past scveral ycars, a number of studies of lateral variation of Rg
wave dispersion in New England have been undertaken at Weston Observatory (c.g.
Kafka and Dollin, 1985; Kafka and McTigue, 1985; Saikia and others, 1986; Kafka and
Reiter, 1987; Kafka 1988). Onc arca that has been investigated is southcastern Maine
(Kafka and Reciter, 1987). Using Rg waves gencrated by USGS refraction blasts, we
found cvidence for lateral anisotropy in the shallow crust beneath southeastern
Mainc. Rg wave group velocitics were found to be faster in the direction parallel to
the structural grain of the Appalachians and slower in the direction transverse to
the grain.

The arca that has been most extensively studied as part of this research is
southern New England (SNE). In SNE, wec have found no evidence for lateral
anisotropy in the shallow crust, but we did find cvidence for lateral hetcrogeneity.
Since most of the rescarch for this project was concentrated in SNE, a thorough
revicw of our results from that arca is presented in the remainder of this secction.

Figure 1 shows the paths of Rg waves from a number of studics in SNE. The
results of Rg dispersion studics in SNE are summarized in Figures 11, 12a, 12b, and 13.
As those figurcs decmonstrate, there appecar to be some parts of SNE in which the
shallow crust is very homogencous (gecophysically) across a wide gecographical arca,
but in which gecological mapping has discriminated between a wide range of
geological structures. On the other hand, some regions appecar 10 be characterized by
systematic lateral variations in Rg dispersion.

The following regionalization is our current interpretation of the results of
our Rg studics in southern New England (Kafka and Skchanm in review 1988). It is
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Figure 12(b). Rclationship bctween gravity anomalics, dispersion regions and
major gcologic structurcs in southcrn New Enland.  Shaded arcas represent
arcas wherc Bouguer gravity anomalics exceced +10 mgal (adapted from
Haworth ct al., 1980).

. i & ~xe o
o2 =25 = ¥ B T AR S e -
P ACIs PET LI R RO ST SR S N A

A

Py




12

presented here as a working hypothesis for our studies of the relationship between
geology, shallow crustal structure, and deeper earth structure:

(1) There are only minor variations of Rg group velocities across a large part
of southeastern New England, extending from the Bronson-Hill anticlinorium to the
Avalonian Superterrane. Based on that similarity in Rg dispersion and the geology
of that area, Skehan and Kafka (1987) named that part of SNE the Bronson-Avalon
dispersion region (BADR, Figure 12a). The shallow crustal structure appears to be
quite homogeneous throughout the BADR.

(2) The northern part of the Hartford Rift Basin is characterized by very low
Rg group velociticc.  These low velocities are not surprising since that area is
covered by glacial lake sediments overlying the lithified sedimentary rocks of the
Hartford Rift basin. However, in the southern part of the basin, Rg velocities are
nearly as high as in the crystalline basement provinces to the east (Kafka and Dollin,
1985). Skehan and Kafka (1987) suggested that these higher velocities are probably
due to a combination of a larger volume of basalt and to the presence of crystalline
bedrock at relatively shallower depths (ca. 1.5 km on average) in that area than is
present in the Hartford area where the average depth to crystalline bedrock is ca 2.5
km (Fig. 14).

(3) The shallow crust in southwestern Connecticut is characterized by
significantly higher seismic velocities than in the BADR. Skchan and Kafka (1987)
suggested that these high velocitics were a result of the shallow crust of the
Connecticut Valley synclinorium being enriched in oceanic type crust (ophiolites).

The higher frequency Rg waves do not sample material at depths greater than
a few kilometers, but studies of telescismic residuals suggest that lateral wvariations
obscrved in the Rg studies extend deeper into the crust. The pattern of lateral
variation of Rg dispersion is ncarly identical to the pattern of positive and negative
tclescismic P-wave residuals (Figure 12) from studies by Taylor and Toksoz (1979) and
Pescckis and Sykes (1979). It is difficult to say how dcep these variations penetrate,
but a minimum depth can be roughly estimated by comparing the Rg and teleseismic
residual results. In the 0.5 to 1.5 sec period range, where Rg signals are the
strongest, the group vclocitics in the Waterbury dispersion region are about 12%
higher than in the BADR. If the same percentage of difference between the two
regions is assumed for P wave veclocities at depth, then it would be necessary to
cxtend that lateral variation down to about 15 km to explain the observed differences
in teleseismic residuals (0.3 sec). As a rough estimate of the maximum depth of
lateral variation, Taylor and Toksoz (1979) concluded that lateral variations revealed
by their analysis of teleseismic residuals may extend to depths as great as 200 km,

Further evidence for a dcep-scated crustal feature that correlates with the
higher velocities found for the Waterbury dispersion region and for the New Haven
dispersion region is found in thec pattern of gravity anomalics in SNE. A prominent
Bouguer gravity high is found in southwestern Connecticut [Figure 12(b)], in the
same rcgion where we observed higher Rg velocities and where negative teleseismic
P-wave residuals are obscrved.

Models of the scismic velocity structure of the shallow crust beneath various
parts of New England have becen found by inverting the Rg wave group velocities for
shear wave velocitics using a lincarized least squares inversion (e.g. Saikia et al,
1986; Kafka and Reiter, 1988). Examples of shallow crustal models corresponding to
several Rg dispersion regions in SNE are shown in Figure 13.
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hypothesized dispersion regions (DR's) in southern New England (from Saikia ct al.,
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calculated dispersion corresponding 10 modcls shown in (a). The data shown for the
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2.2.2 Phase Velocity Dispersion

Our rescarch to date on phase velocities of Rg waves has focused on how
precisely and accurately phase veloeities can be measured for the short-period Rg
waves rccorded in New England. The two-station method (Brune et al., 1960) has been
used for these phase velocity experiments. The accuracy and precision of these
phase velocity measurements depends on a number of factors, including: (1) the
accuracy and precision of phase mecasurements, (2) the distance between the two
stations (relative to the wavelength being studied), (3) the extent to which the
fundamental mode has bcen isolated well enough so that higher modes (or other
seismic waves) do not interfere with the phase measurements, and (4) the extent of
lateral variation in the shallow crust between the two stations.

The wavelengths of Rg waves with periods between 0.5 and 2.5 sec are about 1
to 6 km. Thus, station spacings of much greater than about 10 to 15 km yields very
little control on phase velocities (cxcept for the longer periods). For station spacings
that large, the fraction of a complete phase cycle that is actually measured is only a

small perccntage of the total number of wavelengths bctween the two stations. The
signal is weak for the longer periods, and thus the phase can be difficult to measure
for the longer periods. Furthermore, any significant lateral variation in structure

might be expected to be greater for shortcr periods than for longer pcriods. Thus,
the station spacing appropriatc for phase velocity expcriments must result in the
proper combination of all the factors associated with measuring phase veloeity if the
experiment is to be successful.

We have used the array of six stations in the vicinity of Moodus, CT (Fig. 15) as
well as ficld data from portable seismic stations installed near Wcston Observatory as
an cmpirical test for measuring phase veloeity. Initially, we found that there was so
much scatter in the observations that only very limited information could be
obtained from such studies [Fig.16(a)]. However, we were able to greatly improve this
mcthodology by using a time variable filter (Landisman et al.,, 1969) to extract the
fundamental mode Rayleigh wave from the scismogram ([Fig.16(b)]. The precision is
greatly improved by applying the time variable filter to the data (in that all
measurements across the Moodus array give nearly the same result). In addition, this
experiment gives some indication of the accuracy of the phase veloeity results, sinee
there is gencral agrcement between the observed phase veloeitics and phase
velocities calculated from thc scismic velocities observed in the Moodus borehole
(Kafka and Reciter, 1988; and Dan Moos, personal communication). Apparently, the
most scrious factor causing the scatter in the Rg phase velocity measurements was
that higher modes (and perhaps other wave types such as body waves and/or
scattcred wave energy) were interfcring with the fundamental mode.

The ability to measure phase velocities in addition to group veloeitics should
greatly enhance these Rg studies.  Stations can be installed at specifie sites to
investigate whether specifie gecologic structures are characterized by distinct seismic
velocities in thc shallow erust.  Specific hypotheses regarding lateral variation in
thc shallow crust can be tested in this way.

2.3 Elcctromagnetic Characteristics of Geological Structures

The clectromagnetic investigation of the ecrustal structurc of a part of eastern
Massachusctts had threc stages. Scismic invcstigations takc advantagc of the
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calculated phase vclocity dispersion using the Vp and Vs values obtained from a 1.5
km deep borchole in the interior of the Moodus array (Dan Moos, personal ;
communication).  Curve labelled C is the calculated phase dispersion for the 1

Bronson-Avalon DR model shown in Figurc 13.
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o o e
70X 0 I

iy T g
TR S

Lh s AR TR

RS 4PL T 2 Ceb oo die O S




14

mechanical properties, the density and clasticity of earth materials.  Electromagnetic
methods depend on the magnetic permittivity and electrial conductivity of these
same materials. The external time-varying magnetic fields induce electrical
currents in the conducting earth. These currents genecrate internal magnetic fields.
Magnetic field measurements at the surface of the earth are a combination of both
intcrnal and external fields. Methodologies to infer electrical conductivity depend
primarily on the capacity to scparate the internal and external fields. Geomagnetic
observatory data must be separated into parts of external and internal origin.
Acromagnetic maps display only the effects of induction. The VLF methods make use
of the simultaneous measurement of external magnetic field and the induced
electrical and magnetic ficlds.

2.3.1 Processing Data from Sudbury and Weston Magnetic Observatories

Initially data from Boston Collcge's magnetic observatory at Sudbury, MA, (Fig.
1) a component of the USAF continental USA network of magnetic observatories, was
processed to develop induction arrows, indicative of electrical conductivity variation
in the vicinity of the station. Single station data can be processed to identify the
direction to conductive anomalies, but cannot yield the exact location and depth of
the anomalous structure. This phase of our analysis, a combination of the methods of
Schmucker (1970) and Everctt and Hyndman (1967), concentrated on the daily
variation of thc magnctic field, since thc available data was digitized at hourly
intervals. Because external field source configurations cannot be specifically
identificd at a single station, the analysis was limited to the longest periods (24 hrs to
8 hrs) whose source ficld configurations can be assumecd. After the Sudbury station
was discontinucd, thc instrumentation was installed at Weston Observatory.  Similar
data processing of Weston data was conducted with the expcectation that the depth of
the conductive anomaly might bc located by combining thc induction arrows of the
twWo sites. However, it proved to bc impossible to scparate source field effects
(although wc used thc samc months of the year) from subsurfacec anomalous effects,
and thus the depth of the anomalous conductivity structure could not be defined. The
induction arrows clcarly dcmonstratcd a strong clectrical conductivity contrast
across the Bloody Bluff fault zone, probably due to the mineralization and fluid
content of the crushed zone. Local conductivity structure may be defined by this
methodology, but it demands the usc of an array of stations recording a the same
time.

2.3.2 Defining the Gcometry of thec Bloody Bluff Fault Zone and Adjacent Structurcs

The purposc of the sccond phasc of the study was to dcfine the gcometry of the
Bloody Bluff Fault Zone (BBF) (Figs. 18, 19a and 19b) and adjacent geological
structures from an analysis of acromagnctic maps. The BBF is an important tectonic
boundary separating highly mctamorphosed, dominantly volcanic and volcaniclastic
rocks of thc Putnam-Nashoba Tecrranc and mctasdimentary rocks of the Kearsarge-
Central Maine synclinorium, from the Avalonian Superterranc (Fig. 1). The Putnam-
Nashoba rocks arc rcgarded by Skchan and Rast (1983) as a Late Protcrozoic-early
Palcozoic accrctionary wcdge and occan floor dcposits. These they interpret as
having been associated with the western margin of African Gondwanaland and thus
represcnting an exotic terranc, which has been welded onto the Bronson Hill
volcanic arc that lay on thc scaward or eastern side of the North Amecrican continent

(Fig. 1).

The BBF consists of a 1 to 2 km wide zone of mylonites and intrusive bodics.
While the zone is a significant regional structure, its gcometry has becen interpreted
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as a west-dipping thrust with extensive strike-slip motion with an undetermined
amount of displacement (Murray and Skchan, 1979). The area south of the fault is
dominated by an extensive scries of mafic bodies which have a high magnetic
signature (Alvord et al., 1976). This contrast proved to be important in the
construction of geologic models.

The analysis had two steps: 1) the spectra of three profiles (Fig. 18) were
analysed to determine depths to source, and 2) this information was combined with
the results of studies by Zen (1983), McTigue (1986) and Fisk (1985) to construct
geologic models whose magnetic structure may be compared with existing
aeromagnctic data, a forward modelling process.

Spectral analysis of aeromagnetic data has been used elsewhere to determine
depth to basement (Spector and Grant, 1970) or depth to the Curie-point isotherm
(Shuey and others, 1977). The method has normally been applied to two dimensional
data; the depth is calculated from the slope of the log power spectrum. Treitel and
others (1971) applied this technique to single profile data to determine the depth to
basement in sedimentary basins where the basin-filling sediments have relatively
no magnetic signature. We adopted this methodology in an attempt to determine the
average depth to Avalonian gneisses of the Douglas Woods anticline (DWA of Figs. 18,
192 and 19b), the so-called "Avalonian Indentor” with the realization that computed
depths may be somewhat smaller than actual depths due to the shielding of overlying
magnetic rocks of the adjacent Marlboro and Nashoba amphibolites and gneisses of
the Putnam-Nashoba Terrane and the metasedimentary schists and gneisses of the
ncarby Kearsarge-Central Maine synclinoroum.

Three profiles (Fig. 18) were digitized from the USGS aeromagnetic quadrangle
maps.  Speetral analysis yielded rclatively shallow depths and suggested that the
large scale magnetic sources were flat-lying. To distinguish between conflicting
geological models of the subsurface structure, e.g. Zen (1983) and McTigue (1986),
total magnetic field profiles of the structures were generated using the program of
Won and Bevis (1987). A single example is shown in Figures 19a and 19b. The
calculated profile of 19b is the better fit to the actual data. Dectailed analyses of all
profiles are contained in Luce (1988). The results of the analysis, Figs. 19a and 19b,
suggest that thin-skinned tectonies, interpreted on the basis of the presence of
brittle thrust features that are castward verging, was the dominant process in the
geological evolution of castern Massachusetts. The foreland belt to the east of the.
BBF, is comprised of the Avalonian Esmond-Dedham Terrane. The presence of thrust
faults vergent toward the foreland is typical of mountain belts in general, and in this
casec is one of the bases for the interpretation that Avalon was attached to the
Gondwanan continent to the east. During the Acadian Orogeny, the Avalonian
forcland of this continent was thrust bencath the sedimentary rocks of the basin to
the west. The fault gecometry is that of a ramp structure consisting of high-angle
thrusts which flatten with depth to the NW. Consistent with this rcional model is the
initial high dip of the thrust faults (60-80 dcgrees), followed by low angles of 10
degrees at depths of only one to three km, thus indicating that the BBF constitutes a
ramp structure.

In summary, we conclude that in a forward modelling mode, acromagnetic data
can be usecd to distinguish between conflicting gcological interpretations of
subsurface structure. If possible, such interpretation should be reinforced by ground
traverses since details of geological contacts arc sometimes blurred at the elevation

of the flight-lines.
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Figure 20(a). Induced current flow, i§, in a subsurface conductor and

subscquent generation of a sccondary magnctic ficld, Hg, Hp is the primary
magnetic ficld.

Figure 20(b). Geometry of the magnetic polarization cllipse.
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2.3.3 Very Low Frequency (VLF) Meter

The acquisition by the Department of Geology and Geophysics of Boston College
of a VLF meter opened another method of exploring the near surface electromagnetic
characteristics of the crust. The very low frequency (VLF) band includes radio
frequencies from 3 to 30 kc/s. The U.S. Navy operates one of the world's most
powerful VLF transmitters in Cutler, Maine. The vertical antennae propagate a
magnetic field which is horizontal and perpendicular to the azimuth of the
transmitter.  This is used as the primary magnetic field in the measuring scheme
(Fig. 20). The total magnetic field observed at any location is the vector sum of this
primary horizontal field and any secondary fields induced in the earth. The induced
fields depend on the electromagnetic properties of the local geological structure. The
combined magnetic fields, measured at the surface, form a polarization ellipse (Fig.
20). Using two sets of coils at right angles, the VLF instrument measures the tilt
(alpha) and the ellipticity. A pair of ground electrodes permits the simultaneous
measurement of the horizontal electrical field intensity. The ratio E/H then gives a
measurement of the impedance of the ground, which can be expressed as an
apparent resistivity and a phase angle by which the electrical field leads the
magnetic field. @ These four measurements must then be inverted to describe the
clectromagnetic propertics of the ground. Normally an arca is surveyed by making
many mecasurements on a rectangular grid.

To interpret the data, a model of the ground is constructed by assigning depth,
horizontal dimension and electrical conductivity to rectangles. A computer program
is used to calculate the surface values of apparent resistivity, phase and tilt, and in a
least squares sense, adjusts the parameters of the rectangles until the model best fits
the observed data. Details of the programs and measuring techniques are given in
the related thesis by Sauchuk (1988).

Because of the frequency (24 kc/s) of the Cutler station, the depth of
penetration is limited to approximately 500 m. Hence the mecthod cannot help to
rcsolve depths beyond that limit. However, the mecthod is very efficient in
delineating the lateral extent of fault zones or in defining contacts between
geological units where these contacts are hidden by surficial cover, which is the
usual case. The important contribution of the effort in this study was the
development of computer programs to model two dimensional conductivity structures
(Luce & Devane, in preparation, 1989) and these programs are available in Sauchuk
(1988).

SUMMARY

This multidisciplinary and interdisciplinary project involved investigations
of: (1) Geophysical propertics of the shallow crust underlying the Appalachians of
southern New England by mecans of dispersion of Rg waves and electromagnetic
methods; (2) dceper gcological structurc by interpretation of multichannel seismic
rcflection lines in the onshore and offshore portions of New England; and (3) by
analysis of the gecology of the region in the light of data from our own site specific
and regional studies as well as from published sources. The results of our studies are
detailed above, but major contributions include the following: (1) southern New
England has been subdivided into Rg wave dispersion regions and, to the extent
possible, correlations with tectonostratigraphic divisions of the region were
established. In those cases that lack corrclations on the scale of our observations,
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explanations have been offered. These studies were carried out using Boston College's
New England Secismic Network. (2) electromagnetic studies, using Boston College's
magnetic observatory installations and VLF meter, and analysis of existing
acromagnetic maps, suggest that major fault zones in eastern MA constitute part of a
series of stacked thrust faulted duplexes. (3) Analysis of multichannel seismic
reflection lines collected by the U. S. Geological Survey in the Gulf of Maine and on
the Long Island Platform gave rise to revisions of previous interpretations of the
large scale geology of the region. Such revisions include our interpretation that the
Fundy Fault of the Bay of Maine should be correlated with the Blue Hills fault south of
Boston that is traced and/or extrapolated through Rhode Island as an easterly dipping
thrust fault, the newly mapped Smithfield fault zone of Alleghanian or early
Permian age; (4) large scale overthrusting and underthrusting has been produced
throughout the region as a result of continent-island arc, island arc-island arc, and
continent-continent collisions; and the resulting structures have been modified by
those produced by rifting tectonics.
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